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that striatal BNDF levels are regulated by wild-type htt
protein in cortical projection neurons. Expression of full- Good Vibrationslength mutant htt in YAC72 transgenics decreases the
levels of BDNF to the striatum through these pathways.
Therefore, does the lack of trophic support via the corti-
costriatal projections explain the selective vulnerability How and where the brain forms associations between
of the medium spiny neurons and NMDA receptor re- sensation and action are crucial questions in the field
sponse? Perhaps, the expression of a critical compo- of cognitive neuroscience. In this issue of Neuron,
nent of the NMDA receptor complex composed of NR2B Herna´ndez and colleagues (2002) add to an already
and NR1 subunits is regulated by BDNF levels. We have impressive body of work elucidating the neural mecha-
found BDNF levels regulate PKC activity, and it is known nisms responsible for forming categorical decisions
that PKC potentiates activity of NMDA receptors com- about vibrotactile stimuli that guide behavior. Here
posed of NR2B and NR1 subunits. Alternatively, lower they show that single neurons in premotor cortex rep-
BDNF levels in medium spiny neurons of HD transgenic resent, remarkably, what appears to be the entire tem-
animals with this subunit composition may decrease poral evolution of the decision process—from repre-
important survival factors. Finally, does a specific NMDA sentation of the sensory stimulus, to formation of the
receptor complex with this particular subunit composi- discrimination, to the choice of behavioral output.
tion exist with specific proteases? We know that prote-
ases play a role in cleaving htt and amplifying cytotoxic- The sequence of operations that the brain must perform
ity. It is also known that the final 500 amino acids of the to solve even simple perceptual tasks conjures up im-
NR2B receptor are important to cell death and a region ages of a complex assembly line. Consider, for example,
of low homology between different NR2 subunits. There- the vibrotactile discrimination task used by Herna´ndez
fore, a unique subset of caspases or calpains may form and colleagues (Herna´ndez et al., 2002). They trained
a NMDA subunit-specific receptor molecular complex monkeys to discriminate between two mechanical vibra-
that is modulated by polyglutamine expansion. This al- tions applied sequentially to the fingertips and to indi-
tered molecular complex may then activate caspases/ cate with a hand/arm movement which of the two vibra-
calpains which in turn lead to the cleavage of htt. tions had the higher frequency. This task requires the
brain first to extract, represent, and store information
about the first vibration; then to extract, represent, and
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tionship between neural activity and sensory-motor inte- response, including the lateral intraparietal area, frontal
gration have been established in the past 40 years. Cen- eye field, and superior colliculus, have been shown to
tral among these is the “neuron doctrine of perception,” represent the accumulation of motion information used
which holds that neurons (as opposed to, say, ion chan- to form the direction decision (Horwitz and Newsome,
nels or large neuronal circuits) are the fundamental units 1999; Kim and Shadlen, 1999; Shadlen and Newsome,
in the brain that perform the operations responsible for 2001).
perception (Barlow, 1972; Parker and Newsome, 1998). Herna´ndez and colleagues present striking support
A series of groundbreaking experiments by Mountcastle for this idea that motor structures contribute to sensory
and colleagues illustrate this principle well. Using a vi- processing for perception. Neurons in primary somato-
brotactile discrimination task similar to that used by sensory cortex represent the vibrotactile information
Herna´ndez and colleagues, they showed that single needed to solve the discrimination task. Some higher
mechanosensitive afferents in the skin could signal the order somatosensory neurons even appear to be capa-
presence of a vibrating stimulus with the same capacity ble of transforming this representation into a categorical
as the psychophysical observer (Talbot et al., 1968; discrimination, the outcome of which could, in principle,
Mountcastle et al., 1972). Later these finding were ex- be sent fully formed to the motor areas. However, the
tended to the primary and secondary somatosensory authors show convincingly that this is not the case.
cortices, which were also shown to contain individual Rather, neurons in the medial premotor cortex (MPC)
neurons whose responses could account for psycho- that play a role in preparing the arm-movement response
physical performance (reviewed in Romo and Salinas, receive a continuous flow of information from the so-
2001). matosensory cortical areas. Thus, instead of simply sig-
A second important principle describing the relation- naling one specialized aspect of the task (i.e., preparing
ship between neural activity and sensory-motor integra- a particular arm movement), MPC neurons appear to
tion is the specialization of various brain areas. Not only represent the entire temporal evolution of the decision
does each sensory modality have its own primary repre- process, including representation and storage of the
sentation in cortex, but the representation of each mod- first stimulus, comparison with the second stimulus, and
ality is further subdivided into areas specialized to pro- the selection of the appropriate arm-movement re-
cess particular features. One example is a pair of small sponse.
regions in extrastriate visual cortex (MT and MST) spe- What do these results mean? One interpretation is that
cialized to represent visual motion. These regions are the responses of MPC neurons merely reflect operations
particularly relevant to the study of perception because that are in fact carried out elsewhere. Another interpreta-
they have been shown by Newsome, Movshon, and col- tion is that the operations represented in MPC reflect a
leagues to contain neurons that carry the signals neces- more general role that circuits involved in the prepara-
sary to solve tasks requiring the subject to discriminate tion for action may play in forming decisions about sen-
the direction of random-dot motion (Britten et al., 1992). sory stimuli. An appealing aspect of the latter interpreta-
Likewise, neurons in motor regions of the brain are tion is the idea that when perceptual decisions are linked
known to be specialized for the preparation of particular to particular actions, the different possible actions can
movements, like an eye movement or an arm movement be thought of as representing the alternative hypothesis
to a particular location. under consideration. For example, in the vibrotactile
In short, these two fundamental principles—neurons discrimination task, an arm movement to a medial button
are the basic unit of operation for perception and they is a surrogate for the hypothesis “the first stimulus had
have specialized functions—have been successfully ap- a higher frequency than the second,” whereas an arm
plied to how the nervous system extracts and represents movement to the more lateral button is a surrogate for
sensory information and prepares actions, which are the alternative hypothesis. In this framework, it seems
essential stages in solving perceptual tasks. A current reasonable that the neurons involved in preparing the
focus of cognitive neuroscience is how well these princi- alternative actions are also involved in gathering and
ples can be applied to the detection, discrimination, weighing the sensory evidence used to select among
and identification of sensory stimuli. It is important to these alternatives. Such “Renaissance neurons” may
emphasize that for many tasks, these kinds of percep- have the capacity to signal a multitude of features of
tual decisions necessarily involve operations beyond salient sensory stimuli and play a role in how they are
simply representing the appropriate stimulus, and pro- interpreted, in addition to their involvement in preparing
vide key links between sensation and action. For exam- a particular motor output. Having these multitalented
ple, the vibrotactile discrimination task used by Herna´n- neurons on the assembly line would seem to go a long
dez and colleagues requires a comparison of an way toward linking neural activity to higher brain func-
incoming stimulus with one stored in working memory tions like perception.
to guide behavior. How and where in the brain does this
comparison take place? In general, how and where are
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perceptual decisions formed?
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information used to select that response. In the direc-
tion-discrimination task used by Newsome, Movshon, Selected Reading
and colleagues, for example, monkeys are trained to
indicate their direction decision with an eye movement Barlow, H.B. (1972). Perception 1, 371–394.
to one of two choice targets. Accordingly, circuits known Britten, K.H., Shadlen, M.N., Newsome, W.T., and Movshon, J.A.
(1992). J. Neurosci. 12, 4745–4765.to be involved in the preparation of the eye-movement
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